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Hypokalaemia severe enough to cause generalized muscle paralysis is rarely seen. We report a case of idiopathic renal tubular acidosis associated with severe hypokalaemia. The patient presented with respiratory failure and cardiac arrhythmia. She was successfully resuscitated with immediate mechanical ventilator therapy and aggressive intravenous potassium replacement.
CASE REPORT
A 63-year-old woman gave a five-hour history of increasing weakness of both arms and legs which progressed to difficulty in breathing. There were no sensory symptoms. She was previously well and specifically had not had a similar problem. She also denied any history of medication.
On examination, she had profound weakness of her arms and legs, of which the proximal parts were affected more than the distal. The deep breathing and coughing effort were markedly attenuated. Tendon reflexes of the arms and legs were diminished and the Babinski sign was negative. No sensory changes were detected. All other vital signs were normal.
Analysis of arterial blood gases (on air) showed severe metabolic acidosis and hypoxaemia: pH 6.95, P a C0 2 5.4 kPa, P a 0 2 7.38 kPa, Base Excess -22 mmolll, bicarbonate 9 mmolll. Plasma electrolytes indicated severe hypokalaemia and moderate hyperchloraemia, with plasma potassium of 1.6 mmolll and chloride of 118 mmolll. ECG showed frequent runs of ventricular ectopics and features characteristic of hypokalaemia including depression of ST segment, flattening of T waves, prominent U waves and prolongation of the QU interval ( Figure 1 ).
In view of her severely diminished respiratory effort, she was admitted to the intensive care unit (lCU). Endotracheal intubation with mechanical ventilator therapy was initiated. Central and peripheral intravenous catheters were placed. Under ECG control and hourly plasma electrolytes analysis, 100 mmol of potassium chloride in 500 ml of normal saline solution (potassium concentration of 200 mmol/l) was infused via the central venous line over a ten-hour period. The plasma potassium level was raised to 2.9 mmolll. The patient was then maintained on a daily infusion of 160 mmol potassium chloride at a concentration of 40 mmol/l via the peripheral intravenous line for 24 hours. On the second day in the ICU full muscle power was regained and she was weaned -off the ventilator and extubated. By then the plasma potassium was 5.1 mmolll, her ECG became normal and the intravenous potassium replacement was stopped. However arterial blood gas analysis still revealed metabolic acidosis with respiratory compensation: pH 7.3, PaC02 2.2 kPa, P a o 2 18.3 kPa, Base Excess -13.2 mmolll, bicarbonate 10.5 mmolll.
A 24-hour urine specimen was obtained on the first day of admission. Analysis of the urine showed a pH of 7.0 and the 24-hour urinary sodium and potassium content of 70 and 43 mmol respectively. Ammonium chloride loading test' with a dose of 0.1 gm/kg body weight was administered. The pH of the urine samples collected hourly for six hours after the acid challenge was consistently above 6.5. A diagnosis of distal renal tubular acidosis (Type I) was made and she was put on 25 mmol of bicarbonate daily. The plasma potassium level remained normal and the mild metabolic acidosis gradually diminished in the following two weeks.
DISCUSSION
Renal tubular acidosis is a syndrome characterized by a hypokalaemic, hyperchloraemic metabolic acidosis associated with a disproportionately alkaline urine. Two major forms of renal tubular acidosis are recognized, distal (type I) and proximal (type 11). The distal form is characterized by the inability to establish a steep hydrogen ion gradient between blood and urine in the collecting ducts 2 and the impaired ability to lower the urine pH normally despite profound systemic acidosis. In the proximal form, bicarbonate reabsorption in the proximal tubule is defective. In contrast to the distal form, urine pH in the proximal form may fall normally in the presence of a very low serum bicarbonate level. Renal tubular acidosis of both types can be either idiopathic or secondary to a variety of conditions 3 , such as diseases associated with hyperglobulinaemia, including cirrhosis, chronic active hepatitis, multiple myeloma, Sjogren's syndrome, cryoglobulinaemia, and idiopathic hyperglobulinaemia. Certain drugs, such as amphotericin B and lithium, can also cause renal tubular acidosis.
Renal tubular acidosis was initially diagnosed in our patient by the presence of hyperchloraemic metabolic acidosis, hypokalaemia and a high urine pH of 7. Distal renal tubular acidosis, having the distal tubular acidification defect, can be diagnosed by the failure of the urinary pH to fall below 5.4 in the presence of acidaemia, with a blood pH less than 7.34 and a plasma bicarbonate concentration less than 18 mmolll. If the degree of acidaemia is minimal, the short ammonium chloride loading test I, acting as an exogenous acid challenge, may be used to identify a failure to acidify urine. Our patient was diagnosed as having distal renal tubular acidosis as her urinary pH remained well above 6.5 for six hours after the ammonium chloride loading test.
Potassium wasting is maximal in untreated distal renal tubular acidosis and various mechanisms 4 ,j have also been proposed for the cause of hypokalaemia. Reduced hydrogen ion secretion creates a negative electrical potential in the tubular lumen, which favours secretion of potassium and sodium ions. Hypokalaemia will further be aggravated by secondary aldosteronism caused by volume depletion (due to loss of sodium ions). Increased tubular permeability causing leakage of intracellular potassium has also been implicated as a cause.
Patients with renal tubular acidosis often present with musculoskeletal manifestations such as muscle weakness 6 • The muscle weakness can occur with or without hypokalaemia, the former being more common. In our patient, the acute onset of the pro-found generalized muscle weakness and the immediate recovery of muscle power after potassium replacement indicated that hypokalaemia was the cause of the muscle paralysis. The pathophysiology of skeletal muscle weakness in association with potassium depletion remains unclear'. Hyperpolarization of the surface membrane and changes in membrane potential of the skeletal muscles, reducing the frequency and duration of muscle contraction, is probably the main cause of muscle weakness associated with hypokalaemia". However since the creatine phosphokinase was moderately raised, a certain degree of rhabdomyolysis associated with potassium depletion might be present9.
Only 2070 of the total body potassium is in the extracellular space. Intracellular potassium concentration is about 40 times that in extracellular fluid. The ratio of intracellular to extracellular potassium determines the membrane potential in excitable tissues. Small deviations in the extracellular concentration produce large variations in this ratio and greatly influence function in skeletal and cardiac muscle. In most circumstances, plasma potassium concentration is proportional to the total body potassium. Plasma potassium concentration, between 2 and 3.5 mmolll, is a fairly accurate guide to the amount of total potassium depletion, both extracellularly and intracellularly. The plasma potassium falls by 1.0 mmolll for each 100 to 200 mmol potassium lost. However when plasma potassium concentration is less than 2 mmolll, the magnitude of depletion becomes more variable.
The treatment of acute profound hypokalaemia associated with distal renal tubular acidosis is best undertaken by concentrated potassium chloride infusion through a central venous line to avoid sclerosing a peripheral vein lO • Recent studies show that it is safe to use a concentrated (200 mmolll) potassium chloride infusion at a rate of 20 mmollhour via a central venous line to correct hypokalaemia in patients in the intensive care unit with ECG monitoring and frequent serum potassium analysis 1 I. Less serious hypokalaemia can be treated with peripheral venous replacement of potassium chloride solution at a concentration of not more than 40 mmolll. In our case, 100 mmol of potassium at a concentration of 200 mmolll was infused via the central venous line over 10 hours resulting in an increase in plasma potassium level of 0.26 mmolll per 20 mmol of potassium infused. The most common adverse reaction that has been associated with intravenous infusion of potassium solution is hyperkalaemia. Potassium supplements should be used with utmost caution in the elderly, in those with renal impairment and in patients receiving Anaesthesia and Intensive Care, Vol, 22, No, 5, October, 1994 potassium-sparing or potassium-depleting diuretics '2 • Correction of metabolic acidosis in renal tubular acidosis during the acute stage of severe hypokalaemia is not recommended, as the resulting alkalaemia will shift potassium ions into the cells, lowering the serum potassium level still further. Once the initial hypokalaemia has been corrected, administration of alkali is necessary. Patients with distal renal tubular acidosis can be maintained with a relatively small amount of bicarbonate (1-2 mmol HC0 3 -/kg/day) for treatment in comparison with patients having proximal renal tubular acidosis (5-10 mmol HC0 3 -/kg/day)5. In our patient, the metabolic acidosis was corrected with only 25 mmol of bicarbonate per day. Furthermore, unlike proximal renal tubular acidosis, the plasma potassium level can be easily maintained in the normal range with low-dose bicarbonate therapy in patients with distal renal tubular acidosis. How the correction of metabolic acidosis eventually improves hypokalaemia is not clear\ and this is in great contrast to the immediate worsening of hypokalaemia after bicarbonate administration for rapid correction of acidosis.
This case showed that idiopathic distal renal tubular acidosis can present clinically as an acute attack of generalized muscle paralysis. Renal tubular acidosis was diagnosed by hypokalaemia, hyperchloraemic metabolic acidosis and a disproportionately alkaline urine. Plasma potassium concentration, motor power Anaesthesia and Intensive Care, Vol. 22, No. 5, October. 1994 and cardiac rhythm returned to normal after aggressive intravenous potassium replacement.
